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NOTICE

The invention disclosed in this document resulted from -
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration,
The invention is owned by NASA and is therefore available for
licensing in accordance with the NASA Patent Licensing Regu-
lation (14 Code of Federal Regulations 1245, 200),

To encourage commercial utilization of NASA-owned inven-
tions, it is NASA policy to grant nonexclusive, royalty-free,
revocable licenses to any company or individual desiring to use
the invention while the patent application is pending in the U, S.,>
Patent Office and within a specified period, presently two years,
after issuance of the patent to NASA, If commercial use of the
invention does not occur during this period, NASA may grant a
limited exclusive, royalty-free license thereby adding an incen-
tive to further encourage commercial development, Any company
desiring to make, use, or sell this invention is encouraged to
obtain a royalty-free license from NASA,

Address inquiries and all requests for licenses to Assistant
General Counsel for Patent Matters, Code GP-1, National

Aeronautics and Space Administration, Washington DC 20546,

NASA-HQ
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4 Claims

ABSTRACY OF THE DISCLOSURE

A device with a cone-shaped portion that fits into the
flare of a flared tube. Means are provided for measuring
the capacitance between the tube and the cone-shaped
poriion, This capacitance measurement is an indication of
the accuracy and uniformity of the flare.

The invention described herein was made by an em-
ployee of the United States Government, and may be
manufactured and used by or for the Government for
governmental purposes without the payment of any royal-
tiLs thereon or therefor.

The present invention relates neﬁerahy to a device for
checking a flare on a tybe against imperfections, and
more particularly 10 a device which will clectrically deter~
mine the accuracy of a fiare on a tude.

Tminerfections in the flare of a tube may be produced in ¢

tue forming of the flare or, such may be produced by
mishanidling of the tube after the flare has been placed
thercon. Heretofore, the accuracy of the flare of a tube
has depended on sample checking with instruments that
requite a great deal of time, suppleniented with visual
inspection of each flure. As a result of this method, imper-
fections in the flare are often overlooked. While in some
sysiems where flurcd tubes are utilized, minor imperfec-
tions of the flare do not adversely affect the operation of
the syslem in which it is connected, however, where
flared tubing is viilized in preumatic and hydraulic sys-
tems and large pressures are develored, imperfections in
the flare of the tube will often cause leakage in the system.
I\epmrmL such lecakages is olten expensive and time con-
suming, cspecially when the tubing is located in inac-
cessible areas.

Many flared tube connections are utilized in missile
systems for transporting the fuel for the missile, as well
as other fluids throughout the missile. Sech connections
are ofien subjected to high pressures and during the flight
of the missile the pressure exicrnally of the filting may

vary from a<mosphcric pressure to a near vacuum when
the missile is in orbit. If a leak deve]ops in any of the
fittings prior fo launchingz of the missile, such would
delay the lift-off for a considerable period of time until
adequate tepairs are made. Accordingly, if a leak de-
velops while the missile is in flight, such couvld jeopardize
the entire flight of the missic and the lives of the astro-
nuuts being carried by the missile. Thus, it can be seen
that it is extremely important that leak free couplings be
utilized in lines where fluids are being transporied.

1t has been found that the foregoing difficulties and
disadvantages presented by visually inspecting flared tub-
ing may be overcome. In accordance with the present in-
vention, a novel apparatus is provided for testing a flared
tube for determining the accuracy and uniformity of the
fiare on the tube. This apparatus contemplates inclusion
of the following parts: (1) A cone shaped member con-
structed of electrically conductive material, (2) the cone
shaned member having a tapering surface which is the
complement of the desired flare of the tube, (3) a uni+
form, thin layer of dielectric material carried on the
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surface of the cone shaped member, (4) the surface of
the cone shaped miember being positioned in mating re-
lation with the flarc of the tube, (5) a meter for measur-
ing the capacitance between the cone shaped member and
the flare, and (6) one side of the meter being electrically
connected to the cone shaped member and the other side
of the meier being connected to the tube, whereby the
capacitance measurement produced by the meter is in-
dicative of the accuracy and uniformiiy of the flare on
the tube.

Accordingly, it is an object of this invention (o provide
an apparatus for testing a flared tube for determining the
accuracy and uniformity of the flare on the tube.

Another object of the present invention is to provide
an electric meter employing a capacitance bridge circuit
for measuring variations between a flare of a tube and a
member having a tapering surface which is the comple-
ment of the desired flare on the tube.

A furthier object of the present invention is to provide
an apparatus for determining the accuracy and uni-
formity of a flare on a tube utilizing a cone shaped mem-
ber which is applied under uniform pressure in maling
relation with the flare and measuring the capacitance be-
tween the cone shaped member and the flare for detecting
imperfections in the flare.

Other objects and advantages of this invention will
become more apparent from a reading of the following
detailed description and appended claims taken in con-
junction with the accompanying drawings wherein:

FIGURE 1 is a side elevational view, partially in sec-
tion, of an apparatus constructed in accordznce with the
present invention for detecting imperfections in the flare
of a tube,

FIGURE 2 is a side elevational view, partially in sec-
tion, of a modified form of the invention,

FIGURE 3 is an enlarged perspeclive view of an ex-
pansion bit utilized in the modified form of the invention
illustrated in FIGURE 2,

FIGURE 4 is an enlarged perspective view, partially
in section. of another expansion bit which may be utilized
in the modified form of the invention illustrated in FIG-
URE 2,

FIGURE 35 is an enlarged perspective view of still an-~
other expansion bit which may be utilized in the modified
form of the invention illustrated in FIGURE 2. and

FIGURE 6 is a longitudinal sectional view iflustrating
another modified form of the invention.

Referring now in more detail to the drawings wherein
like reference numerals designate identical or correspond-
ing parts throughout the several views, and with special
attention to FIGURE I, reference numeral 10 gencrally
designates an apparatus for tesling the accuracy and unt-
formity of a flare 11 on a tube 12, The flare 11 on the
tube 12 has been produced by any conventional flaring
device, and prior to placing the tube in a system where it
is ultimately to be used, it is desired to check the flare 11
against imperfections, such as the angle of the flare devi-
ating from the desired angle of the flare. The apparatus
incluodes a cone shaped member 13 constructed of an
electrically conductive material and having a tapering
surface which is the complement of the desired flare of
the tube. A uniform, thin layer of dielectric material 14
is carried on the surface of the cone shaped member for
insulating” the electrically conductive cone 13 from the
electrically conductive flare 11. The surface of the conz
shaped member 13 is positioned in mating relation with
the flare 11 of the tube.

In order to determine whether there are any imperfec-
tions in the flare 11 a meter 15, which includes a capaci-
tance bridge, is connected between the tube 12 and an
elongated conductive member 16 which is integral with the
base of the come 13. The connection may be made by
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any suitable means, such as by leads 17 and 18, respec-
tively. The meter 15 has an indicotor arm 15« thereon,
which will point to indicia 15b carried on the face of the
meler providing a reading of capacitance. This reading
is compared with the capacitance produced when testing
a tube constituting a standard of perfection. If disparity
in the readings or values is beyond that required by ac-
ceptable toicrances, then the tube will be rejectd. The
capacitance measurement produced by the meter 15 is
indicative of the accuracy and uniformity of the flare. For
example, the capacitance will vary according to the

closeness of the fit of the cone in the flare 11, according to
the formula

: A
Tea QA8 K s
C SK i) wef
wherein A is the area in square inches of the flare inside

the tube, K the diclectric constant of the insulation 14 and
a conversion factor permitting inches to be used in the

formula, D is the gap in inches between the metal por- |

tion of the cone 13 and the surface of the flare created
by the conc insulation and the space where the flare does
not fit flush with the cone, and uuf. represents micro-
microfarads. Thus, it can be seen, if the flare has any
imperfections thercin, the measurement produced on the
capacitor bridge meter 15 will vary from that of a previ-
ously calculated perfect flare. It can also be seen from
the formula that the capacitance will decrease as the fit
of the cone 13 within the flare 11 becomes less flush due
to an increase in D,

tube will be rejected and the flared portion then be cut
off and the tube be retooled.

FIGURE 2 illustrates a modified form of the inven-
tion wherein a uniform pressure can be applied between
the surface of the cone 13 and the flare 11. The cone
13 is provided with a longitudinal aperture 19. A shaft
20 exterds through the longitudinal aperture 19 of the
cone and terminates in the tube 12, The end of the shaft
20, which is located within the tube 12, has tapering
threads 21 thereon, which taper from the end of the shaft
outwardly towards the cone 13. An abutment 22, such as
an expansion bit, is carried by the elongated shaft 29 for
engaging the inner wall of the tube when the shaft is
rotated. Threads are carried by said abutment 22 com-
plementary to the threaded shaft, whereby turning of the
threaded shaft in a clockwise direction results in the ex~
pansion bit riding up on the tapering threads 21 until the
bit expands to engage the wall of the tube 12 providing
a fixed connection between the shaft 20 and the wall of
the tube 12. An insulated bushing 23 exteads through the
aperture 19 in the cone 13 for supporting the shaft 20, and
has a flared portion 24 which may be rotated and which
engages the base of the cone 13. If desired, the bushing
23 may be fixed to the shaft 20 so that as the shaft ro-
tates and the expansion bit engages the inner wall of the
tube 12 such will pull the cone flush against the flare 11
of the tube. However, in the embodiment illustrated in
FIGURE 2 the bushing is connected through a torque

“wrench 25 carried on the end of the shaft 28. The torque
wrench 25 may be any suitable conventional torque
wrench wherein a desired amount of torque may be ap-
plied to the shaft 20 ard after it reaches that amount the
wrench will slip on the shaft. A handle 26 is provided on
the end of the torque wrench 25 for rotating such. By
utilizing a torque wrench the same amount of pressure
can be applied between the cone 13 and the flares of a
plurality of tubes being tested so that consistent measure-
ments may be made by the apparatus.

The meter 15 for measuring the capacitance between
the cone 13 and the flare 11 is similar to that illusirated
in FIGURE 1 and the connections are the same with the
exception that lead 18 is comnected directly to the cone
13.

FIGURES 3, 4 and 3 illustrate three suitable expansion
bits that may be used with the modified form of the in-

Accordingly, as previously men- .
tioned, if such variance is beyond a given tolerance, the
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vention illustrated in FIGURE 2. The e¢xpansion bit il-
lustrated in FIGURE 3 gencrally designated at 22 includes
a plurality of circumferentially spaced, tongue and groove
cennecicd, arcuately shaped sections 27. The inncr sur-
faces of the sections 27 have threuds 28 thercon for
me+hing with the threads on the elongatcd shaft 20. Thus,
it wun be seen that as the shaft 20 is rotated in .« Jlocks
wise direction the expansion bit will ride up on il tuper-
ing threads 21 expanding for engaging the inner w.il of
the tube 12,

The expansion bit illustrated in FIGURE 4 includes
a plurality of circumferentially spaced, arcuately shaped
sections 29, The inner surface of the sections have threads
30 thercon, for meshing with the threads 21 on thie elon-
gnted shaft 200 A eylindrical flexible fncket constructed
of any suitable material, such as rubber, encompusses the
sections 2% for engaging the inner wall of the tube 12.
Such may be utilized when the flare on a soft metal type
tube is being tested for imperfections so as to prevent
scarring of the tube.

FIGURE 5 illustrates another modified form of a bit,
generally designated at 22, which may be utilized in con-
nection with the apparatus illustrated in FIGURE 2. The
bit is cylindrical in shape and is split at 32 so that such
can expand as the shaft 20 is rotated. The bil is con-
structed of any suitable flexible metal so that such will
tend to contract. Hewever, as the shaft 20 is rotated it is
permitted to expand for engaging the inner wall of the
tube 12. The inner surface of the cylindrical bit 22, illus-
trated in FIGURE 35, has thrcads 33 thercon, for mesh-
ing with the threads on the elongated shaft 20.

When utilizing the apparatus illustrated in FIGURE 2
for testing against imperfections in the flare 11 of the
tube, the expansion bit 22 is first threaded on the shaft 20
50 that there is a relatively tight fit Latween the expansion
bit and the inner wall of the tube 12 when the apparatus
is inserted in the tube 12. Such prevents the expansion
bit from rotating as the shaft is rotated when applying
a desired amount of torque on the cone shaped men-
ber 13.

FIGURE 6 illustrates another modificd form of the
invention wherein a constant pressure is applizd during
the testing of the flare. A frusto conical shaped member
34 is placed in mating relation with the flure il of the
tube 12. The frusto conical shaped member 34 has a
uniform layer of dielectric material 35 thereon for in-
sulating the electrically conductive member 34 from the
flare 11, A non-conductive nut 38 is carried on the
tube 12, and has a threaded portion 37 extending longi-
tudinally beyond the flare 11 of the tube 12. A non-con-
ductive threaded union 38 is threaded in the -nut 36.
A bearing washer 39 is carried adjacent the base of the
member 34. The frusto conical shaped member 34 lins
a longitudinally extending conductive member 48 integral
with the base thereof, which extends through a cylindrical
aperture 41 of the union 38. The longitudinally extending
member 40 has an aperture 40a therein for receiving
an electrically conductive expansion plug 42 which is
electrically connected to the lead 18 from one side of
the meter 15. The other side of the meter 15 is connected
by means of lead 17 to the tube 12.

In operation the frusto conical shaped member 34 is
placed in mating relation with the flare 11 and the tube 12
so that as the union 38 is rotated in a clockwise direction
such causes a constant pressure to be exerted on the base
of the member 34, which in turn causes a coastant pres-
sure to be applied between the frusto conical shaped
member 34 and the flare 11, From the capacitance meus-
urement produced by the meter the accuracy and uni-
formity of the flare 11 can be determined.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is, therefore, to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.
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What is claimed and desired to be secured by the
United States Letters Patent is:

1. An apparatus for testing a flared tube for determin-
ing the Aaccuracy and uniformity of a ﬂqrc on the tube
comprising:

(A) a cone-shaped member coastructed of electrically
conductive material having an axial bore and non-
conductive material lining the bore and the base of
the cone;

(B) said cone- qhaped member having a tapering sur-

fuce whieh s the complement of the desired fure
on said tube;

(C) a uniformly thin layer of dielectric material car-
ried on said surface of said cone-shaped member;

(D) said surface of said cone-shaped member being
positioned in mating relation with said flare of said
tube;

(E) a shaft extending longitudinally through said axial
bore into said tube;

(F) said shaft having mpering threads on one end
thereof;

(G) an expansion bit carned on the threads of said
shaft;

(H) an abutment carried in fixed connection swith said

shaft externally of the insulated base of said tube for

pressing against said cone-shaped member;

(I} means for rotating said shaft causing said bit to
engage the inner surface of said tube for drawing
said cone in positive contact with said flare; and

(J) a meler including capacilance measuring means
connected between said cone-shaped member and
said flare;

(K) whereby the capacitance measurement produced
by said meter is indicative of the accuracy and uni-
formity of the flare.

2. The device as set forth in claim 1, whercin said

expansion bit includes:

(A) a plurality of circumferentially spaced, toangue
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and groove connected, arcuately shaped sections;
and

(B) the inner surface of said sections having threads
thereon for meshing with the threads on said elon-
pated shaft;

(C) whereby said bit expands for engaging the inncr
wall of said tube as said shaft is rotated in one
direction.

3. The device as set forth in claim 1, wherein said
expansion bit is constructed of an arcuately shaped flex-
ible member and wherein said bit expaads for engaglag
the inner wall of said tube as sald shaft is rotated in
one direction,

4, The device as set forth in claim 1, wherein said

5 expansion bit includes:

(A) a plurality of circumferentially spaced arcuately
shaped scctions;

(B) the inner surface of said sections having threads
thereon for meshing with the threads on said elon-
gated shaft; and

(C) a cylmdrxcal flexible jacket encompassmg said
sections;

(D) whereby said sections are moved outwardly caus-
ing said jacket to engage the inner wall of said tube
as said shaft is rotated in one direction.
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. DEVICE FOR DETERMINING THE ACCURACY OF THE FLARE ON A FLARED TUBE

This invention provides an efficient and economical method for
{determining the accuracy of a tube flare.

A 100-percent inspection of tube flares is possible by use of this
invention,

Previous methods of tube-flare inspection were performed with
instruments requiring considerable time, and were supplemented by
visual inspections. Because of the time required for inspection pro-~
cedures, previous methods utilized sample testing by instruments
backed up by visual checks of the remainder of a production run. In
addition to the time factor cost of prior methods, the system allowed
tube flares with imperfections to be accepted.. While imperfections
in tube flares are not critical in many areas, ‘they are subject to failures
in pneumatic and hydraulic systems under high pressure. Such failures
often beconie costly since flared tubes are installed in inaccessible
locations in many instances.

The attached drawings show the;p';arts composing this invention and
some modifications of the basic design which are possible.

The device (10), consisting of a cone-shaped member (13) and an .
elongated member (/),\15 made from electrically conductive material,
The cone-shaped member (13) is precisely made with a tapering surface
that is the complement of the tube flare (11) to be tested for accuracy.

The surface of the cone-shaped member (13) is coated with a thin, -
uniform layer of dielectric insulating materlal (14). i —

A capacitance bridge meter (15) provides a connection (18) to the ¢ .
elongated member (16) from one side of the meter (15) and a connectmn
(17) to the'tube (12) from the other side.

By producing a flare of desired dimensions as a standard,.a capaci-
tance readout standard on the meter (15) is established using the formula -
|C =.2248K f§ UUF. In this formula, K equals the dielectric constant of

the insulation and also is a conversion factor permitting-inches to be used
in the formula, A is'the area, in square inches, of the inside of the tube
flare, D is the gap, in inches, between the cone-shaped member (13) and the
surface of the flare (11) created by the insulation, and UUF represent,s
micromicrofarads. ,

Imperfections in the flare, or a decrease in the flush fit of the ‘cone=-
shaped member (13) and the insidé flare surface (11) will produce a ° ‘
meter reading that will give an instant check on whether any tube-flare -
imperfection is within permissible tolerances. To produce the meter
| reading, the cone-shaped member (13) is placed in the flare (11) in
mating position, and remains there by its own weight.

-Different ways to construct this device are shown in attached f1gures
2, 3, 4, 5, and 6.

Figure 2 shows a constructmn that W111 achieve uniform pressure
between the surface of the cone (13) and the flare (11).

NASA FORM 1026 NOV 63
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A shaft (20) with threads (21) tapering toward the tube flare (11)
extends' into the tube (12) through a longitudinal opening (19) in the
cone (13). The tapered surface of the cone (13) has a thin, uniform
coating of dielectric insulation (14). An insulated bushing (23) for
supporting the shaft (20) extends through the opening (19) in the cone.
{The bushing (23) may be rotated, and features a flared portion (24)
on the base side of the cone (13) which engages the base of the cone.
This bushing (23) may be fixed to the shaft (20) in such a way that
rotation of the shaft will pull the flared portion (24) of the bushing (23)
flush with the base of the cone (13). In figure 2, the bushing (23) is
connected through a torque wrench (25) shown on the end of the shaft:
(20). Use of a torque wrench provides a constant amount of pressure -
when placing the cone-shaped member (13) in mating position with
the flare (11) during any number of pipe-flare inspections.

The meter (15) is connected to the tube (12) as in figure 1, but the
“|other side is connected directly to the cone-shaped member (13).

: When this method is used for applying pressure to achieve mating .

relation of the cone-shaped member (13) and theflare (11), anchor is-
provided inside the tube (12) by an expandable bit (22) on the tapered
threaded shaft (20).

Figure 3, shows a bit (22) composed of accurately shaped, tongue-
and - groove sections (27) which are internally threaded (28). As the
shaft (20) is rotated, the bit (22) rides up the tapered threads on the

shaft, expanding to anchor firmly against the inside of the tube (12).

Figure 4 illustrates a bit similar to that' in figure 3, but the
shaped sections (29) do not join by the tongue and-groove method.
This bit is held together by a coating of suitable, flexible material (31)
such as rubber, This type of bit is partlcularly suited for use W1th
soft metal tubes.

-

Figure 5 shows a third type of bit which is made of one cylindrical
piece of flexible material with a slit (32) running the full length of the
bit, This slit (32) allows expansion of the bit as it rides up the tapered
threads of the shaft (20), and the flexibility of the material of which it
is made allows it to contract for removal when the shaft is rotated in

the opposite direction and the bit retreats down the threads. °

Another modification of the invention for applying a constant préssure
during testing is shown in figure 6. A frusto conical-shaped member (34)
with an integral, elongated, conductive member (40) extending from the
base, is placed with the conical portion in mating relation with the '
tube ﬂare (11) for testing. The conical-shaped meniber (34) is coated
with a thin layer of dielectric insulating material (35) of umform

thickness.

: A constant pressure for achieving the mating relationship is accom=-
plished as follows: a nonconductive flare nut (36) extends beyond the
flared end of the tube (12). A nonconductive union (38) provides a
cylindrical opening (41) through its center for accepting the elongated
member (40) of the frusto conical member (34) and the union (38). The
elongated member (40) has a pocket (40a) in the end opposite the frusto
conical member which accepts an electrical expansion plug (42), forming
a connection to one side of the capacitance bridge meter (15). The
other side of the meter (15) is connected to the tuhe (12).

NASA FORM 1026 NOV 63
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When the union (38) is rotated, it moves forward, exerting a
pressure on the bearing washer (39) and against the base of the frusto
conical member (34), achieving a constant mating relation with the
tube flare (11).

The capacitance bridge meter (15) provides a reading of the
accuracy of the tube flare (11) as did the devices described in
figures 1 and 2.

Use of this invention improves the speed, efficiency, and accuracy
of inspection procedures for tube flares. In addition, the simplicity
of operation permits 100-percent inspection of tube flares, an important
Jcapability where the flares are to be used in high-pressure systems
and in inaccessible locations within the systems. This invention is
capable of shop or field use.

Inventor: Francis D. Griffin
Employer: NASA - KSC
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